Background: Access to nephrology care prior to end-stage renal disease (ESRD) is significantly associated with lower rates of morbidity and mortality. We assessed the association of area-level and individual-level indicators of poverty and race/ethnicity on pre-ESRD care provided by nephrologists.
Introduction
For patients approaching end-stage renal disease (ESRD), practice guidelines recommend timely referral for renal replacement therapy (RRT) planning to ensure good clinical decision making [1] . Access to care provided by a nephrologist prior to RRT initiation is associated with improved clinical outcomes [2] . For instance, pre-ESRD nephrology care is associated with higher rates for arteriovenous fistula (AVF) placement [3, 4] , access to kidney transplantation [5, 6] and improved patient survival [7, 8] . A recent US Renal Data System (USRDS) study demonstrated that pre-ESRD nephrology care for >12 months was associated with lower first-year mortality, higher albumin and hemoglobin, choice of peritoneal dialysis, native fistula and discussion of transplantation options [9] . Conversely, late nephrology referral is associated with higher mortality after the initiation of dialysis [10] . Despite these benefits, about one-third of incident dialysis patients in the USA had received no pre-ESRD nephrology care [11] .
There are conflicting data regarding the role of geographic variation and socioeconomic factors on the rates of pre-ESRD nephrology care. Hao et al. [12] reported significant regional variability in the rates of pre-ESRD nephrology care across the USA. Furthermore, dialysis facilities with the lowest rates of pre-ESRD nephrology care were more likely to be located in urban counties with high African American (AA) populations and low educational attainment [12] . However, Maripuri et al. [13] did not observe significant geographic differences in the attainment of pre-ESRD nephrology care. Plantinga et al. [14] did not find a significant association between dialysis facility neighborhood poverty and receipt of pre-ESRD nephrology care. Given these limited and conflicting data, an assessment of area-level income would be helpful in interpreting the impact of socioeconomic status (SES) on the likelihood of receiving pre-ESRD nephrology care.
We therefore conducted a retrospective cohort study using data from the USRDS to assess the association of ZIP code-level median household income (MHI) with pre-ESRD care provided by nephrologists, as reported on the Centers for Medicare and Medicaid Services (CMS) Form 2728. Because such data are area-based and thus ecological, we also assessed Medicare-Medicaid dual eligibility status as an indicator of individual-level poverty [15] [16] [17] [18] and its association with pre-ESRD nephrology care. Furthermore, we assessed the impact of race/ethnicity and its interaction with measures of poverty on pre-ESRD nephrology care. We hypothesized that measures of poverty would be independently associated with lower rates of pre-ESRD nephrology care.
Materials and methods
This study used the USRDS, which incorporates baseline and follow-up demographic and clinical data on all patients accessing the Medicare ESRD program in the USA. We conducted a retrospective cohort study consisting of patients initiated on either hemodialysis or peritoneal dialysis from 1 January 2007 through 31 December 2012. Our cohort excluded patients with missing data on comorbidities (n = 8137) as well as those not included in the USRDS Annual Data Reports for the years studied (n = 76). We merged the USRDS database with the 2010 US census for ZIP code-level MHI data. There were 14 879 patients who had missing MHI data and were therefore excluded from data analysis. The study cohort consisted of 739 537 dialysis patients. The primary outcome was pre-ESRD nephrology care as reported on CMS Form 2728, under question 18b 'Prior to ESRD therapy: Was patient under care of a nephrologist?' Pre-ESRD nephrology care was analyzed as a binary outcome (n = 647 810, yes or no). Missing data (n = 70) on the status of pre-ESRD nephrology care and patients in the 'Unknown' category (n = 91 657) were excluded. The Supplementary data, 
Patients and sources
The demographics of the dialysis population in this study have been described in the USRDS Annual Data Reports for the years studied [19] . Variables included in the USRDS standard analysis files (SAFs), as well as data collection methods and validation studies, are listed on the USRDS website (www.usrds.org). The file SAF.PATIENTS was used as the primary dataset and SAF.MEDEVID was used for additional information coded in the CMS Form 2728 as modified in 2005. Files from the 2010 US census (http://factfinder.census.gov/faces/nav/jsf/pages/index. xhtml) were used to merge by ZIP code with USRDS files. The variable 'dualelig' was used to determine individual patients' dual eligibility for Medicare and Medicaid. Although eligibility varies by state, means testing is stricter than for either Medicare or Medicaid alone and usually includes the poorest patients receiving care, at most <135% poverty and generally lower than 100% poverty [16, 20] .
Predictor variables
Covariates in our analysis included age at initiation of dialysis, year at first ESRD service, gender, AA versus non-AA, Hispanic ethnicity (a nonmutually exclusive category that could overlap with race), diabetes mellitus, hypertension, other comorbid conditions from the CMS Form 2728 (Table 1 We conducted logistic regression analyses in forward stepwise fashion to evaluate factors independently associated with pre-ESRD nephrology care. We stratified the model by MHI quintile levels and by dual-eligible status to assess effect modification of area-level and individual-level poverty on the association between race/ethnicity and pre-ESRD nephrology care. We also stratified the model by VA coverage to evaluate its effect modification with race/ethnicity in a unique single-payer health system. Variables with P-values <0.10 in unadjusted analysis were introduced into multivariate analysis as covariates because of the possibility of negative confounding. Also, our model development used 'forced' entry to account for factors known to be clinically associated with the outcome variable, based on the existing literature [8, 21, 22] .
The overall percentage of correct classification of fitted values was 67.96 (an observation is classified as a positive outcome if its predicted probability threshold is ≥50%). For very large data sets (n > 25 000), Hosmer-Lemeshow goodness-of-fit testing is not recommended since the power of the statistical test increases with sample size, thus even small Based on ZIP code from the 2010 US census.
departures from the regression model will be considered significant [23] .
Results
We identified 739 537 dialysis patients from 1 January 2007 through 31 December 2012. Table 1 shows demographic and unadjusted characteristics of those in the lowest area-level MHI quintile versus higher quintiles (a composite of second, third, fourth and highest quintiles). Among patients in the lowest area-level MHI quintile, 61.28% received pre-ESRD nephrology care versus 67.68% among those in higher quintiles. Similarly, the proportions of dual-eligible and nondual-eligible patients who had pre-ESRD nephrology care were 61.49 and 69.84%, respectively (P < 0.001). Compared with patients in higher arealevel MHI quintiles, those in the lowest area-level MHI quintile were more likely to be AA or Hispanic, female, younger at dialysis initiation, unemployed, diabetic and hypertensive. Furthermore, these patients were more likely to have Medicaid or dual eligibility status for both Medicare and Medicaid coverage. Patients in the higher quintiles, on the other hand, were more likely to be older, white, male and more likely to initiate hemodialysis with an AVF. In the fully adjusted logistic regression model, patients in the lowest area-level MHI quintile were associated with a significantly lower likelihood of pre-ESRD nephrology care (adjusted odds ratio [aOR] 0.86 [95% confidence interval (CI) 0.85-0.87]) compared with those in higher quintiles. As presented in Table 2 , there was an independent, graded association between area-level MHI quintiles and the likelihood of pre-ESRD nephrology care, demonstrating that patients in a lower area-level MHI quintile were less likely to have received pre-ESRD nephrology care relative to their counterparts in a higher quintile group. Furthermore, dual eligibility was associated with significantly lower likelihood of pre-ESRD nephrology care (aOR 0.78).
Both AA and Hispanic patients were significantly less likely to have received pre-ESRD nephrology care (aOR 0.85 and aOR 0.72, respectively). Interaction terms between area-level MHI quintiles and AA race (P < 0.001) and Hispanic ethnicity were significant (P < 0.001). Because of these significant interactions, we conducted separate analyses stratified by the lowest MHI quintiles versus higher MHI quintiles (a composite of second, third, fourth and highest quintiles) as illustrated in Table 3 . We also conducted similar analyses, stratifying the model by dualeligible status. In these stratified analyses, both AA and Hispanic patients had similar likelihoods for pre-ESRD nephrology care, regardless of area-level MHI quintiles or dual-eligible status. Thus racial/ethnic disparities in the receipt of pre-ESRD nephrology care persisted when stratified by either area-level or individual-level measure of income categories.
Among incident ESRD patients with VA health insurance, 73.19% had pre-ESRD nephrology care (versus 66.3% of patients in the general ESRD population; P < 0.001). In the adjusted model, VA patients were significantly more likely to have pre-ESRD nephrology care compared with patients with other insurance types (aOR 1.38). Interaction terms between VA insurance and AA race (P < 0.001) and Hispanic ethnicity were significant (P < 0.001). Because of these significant interactions, we conducted separate analyses stratified by VA versus other insurance coverage. As presented in Table 4 , racial/ethnic disparities in pre-ESRD nephrology care among AA and Hispanic patients were eliminated by having VA coverage. Of note, among those with VA coverage, AA patients were significantly more likely to have pre-ESRD nephrology care than non-AA patients (aOR 1.12).
Discussion
Optimal pre-ESRD care includes timely referral to a nephrologist, implementation of educational programs and timely creation of an arteriovenous access [24] . We found in a national, multiyear study of the US incident dialysis population that both individual-level and area-level measures of poverty were associated with a significantly lower likelihood of pre-ESRD nephrology care. In particular, an independent, graded association was observed between area-level MHI quintiles and the likelihood of pre-ESRD nephrology care. Thus patients in a lower area-level MHI quintile were less likely to have received pre-ESRD nephrology care relative to their counterparts in a higher quintile group. These findings persisted despite accounting for insurance type, dual eligibility status, employment status, race/ethnicity, age, comorbidities and other demographic factors. Furthermore, we used dual eligibility status for Medicare and Medicaid as a measure of individual-level poverty. These dual-eligible beneficiaries represent a disadvantaged subgroup of older Americans who are generally impoverished and have a higher prevalence of physical and cognitive impairments, less education and lower levels of social support than their Medicare-only counterparts [25, 26] . Dual-eligible individuals in our cohort were significantly less likely to have received pre-ESRD nephrology care, a finding that is congruent with the area-level measure of poverty. Our results on both patient-level and area-level indicators of poverty validate and expand the previous findings of Yan et al. [27] , who reported that state-level poverty was inversely associated with nephrologist care at least 12 months before ESRD. A notable exception found that dialysis facility-level pre-ESRD nephrology care was not associated with poverty (defined as ≥20% of households in a US census tract living below federal poverty threshold) in dialysis facility neighborhoods [21] . As a potential explanation for their unexpected findings, the authors noted that it was possible that the neighborhood where the patient received pre-ESRD nephrology care might have a different poverty status than that of their eventual dialysis facility. Also, the individual-level measure of poverty was not assessed, as in the current study. Minority populations in the USA are disproportionally affected by chronic kidney disease (CKD), and given the interdependency of race, ethnicity and socioeconomic factors on adverse clinical outcomes in patients with ESRD [22, 28, 29] , we assessed the impact of poverty on the racial/ethnic disparities in pre-ESRD nephrology care. Our analysis demonstrated that AA and Hispanic patients were less likely to receive pre-ESRD nephrology care, independent of employment status, area-level income, dual eligibility status and other insurance types. Thus racial/ethnic disparities in pre-ESRD nephrology care persisted despite income differences. The differences in aORs for pre-ESRD nephrology care in these minority groups between the lowest and higher area-level MHI quintiles appear to be nominal and not clinically significant. Thus higher area-level MHI quintiles do not substantially impact minority access to pre-ESRD nephrology care. Furthermore, AA and Hispanic patients had a similar likelihood of pre-ESRD nephrology care, regardless of dual-eligible status. These findings may suggest that income level is important but not sufficient for eliminating minority gaps in pre-ESRD nephrology care and are consistent with the multidimensional aspects of health care access to include availability, accessibility, accommodation, affordability and acceptability [30] . Of note, dual eligibility for Medicare and Medicaid, which is designed to supplement patients who have financial and other disadvantages, did not ameliorate the racial/ethnic disparities in access to pre- 
ESRD nephrology care. The program could attenuate such differences, but this impact would be impossible to measure. We found that VA patients were more likely to receive pre-ESRD nephrology care compared with the general ESRD population (73.19 versus 66.3%, respectively) with an OR of 1.38 in an adjusted model. Potential reasons for the higher likelihood of pre-ESRD nephrology care among VA patients include greater access to subspecialty care, use of electronic health records, case management services and defined referral algorithms [31, 32] . Since 2001, the Department of Veterans Affairs and Department of Defense have had integrated clinical practice guidelines for the early recognition and management of CKD and pre-ESRD, which are made available to primary care physicians in their respective systems [33] . We further found that racial/ethnic disparities in the likelihood of pre-ESRD nephrology care among AA and Hispanic patients were eliminated by having VA coverage. As a model of a single-payer system in the USA, the VA is unlike other medical insurance plans in many aspects, one of which is that it takes effect well before the onset of ESRD and thus may facilitate health care access and pre-ESRD nephrology care more effectively than other plans.
Our study has certain limitations. We cannot make conclusions about causality given the retrospective nature of our study. Another limitation is ascertainment bias related to providers' responses on CMS Form 2728, as demonstrated by Kim et al. [34] , who reported substantial disagreement between information from the form and Medicare claims on the timing of earliest pre-ESRD nephrology care. The authors did acknowledge, however, that only Medicare primary patients ≥67 years of age were evaluated, and concordance may differ among younger patients with alternative insurance coverage. In our study cohort, ∼12% (n = 91 657) had an 'Unknown' status for pre-ESRD nephrology care as reported on CMS Form 2728 and were therefore excluded from analysis. With some exceptions, however, the 'Unknown' cohort was comparable to the 'Known' cohort of patients (Supplementary data, Table) .
In the absence of individual-level income data, we used ZIP code-based MHI as a surrogate for patient income. We acknowledge potential biases associated with ZIP code as a proxy measure of individual-level socioeconomic status. Census tracts as defined by the US Census Bureau may provide a closer approximation of individual SES given that they represent smaller and more homogeneous aggregate units than ZIP codes, which are assigned by the US Postal Service [35, 36] . Nevertheless, the concordance of our findings for both area-based and individual-level poverty complement each other, providing more robust findings since an association observed with income on an aggregate level may not represent the association that exists at an individual income level [37] . The association of Medicare-Medicaid dual eligibility and pre-ESRD nephrology care may be confounded by a high degree of frailty in this population; however, we adjusted for clinical indicators of poor functional capacity to include amputation, inability to ambulate and institutionalization. Dual eligibility is, by definition, binary and provides no additional information for income above poverty level. Residual confounders may exist between residents of higher versus lower MHI ZIP codes, such as disparities in education levels, health care access or quality.
In conclusion, both individual-level and area-level measures of poverty were independently associated with lower rates of pre-ESRD nephrology care. AA and Hispanic patients with ESRD were also less likely to have received pre-ESRD nephrology care, independent of poverty status. Efforts to improve pre-ESRD nephrology care may require focusing on the poor and minority groups who are most likely to benefit given their greater risk of progression from CKD to ESRD.
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